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It has been documented in a number of food animals that gastrointestinal bacteria play important roles 
in affecting the nutrition and health of the host organism. Thus, various means of altering the intestinal 
bacteria to achieve favorable effects such as better resistance to pathogens, enhancing growth and 
immune stimulation of the host organism have been investigated in various fish and shrimp. In this 
respect, probiotics and prebiotics are used in farm animal and for aquaculture, although the probiotic 
approach has been extensively used and advocated, viability after ingestion is difficult to guarantee and 
almost impossible to prove. The prebiotic concept dictates that non viable dietary components fortify 
certain components of the intestinal flora. This concept has the advantage that survival of the ingested 
ingredient through the upper gastrointestinal tract is not a prerequisite because it is indigenous 
bacterial genera that are targeted. Despite some positive effects prebiotic supplements on fish and 
crustaceans have been published however it seems such information for aquatic organism is 
inadequate. This paper will give short review of recent studies in which the effects of various prebiotics 
have been evaluated for potential application in the aquacultural production of fish and shrimp.   
 





The world aquaculture activities shows a rapid increase 
(18% per year) in production and (17.8% per year) of the 
aquaculture business since 1997 to 2008 (FAO, 2007).  
Increasing the surface of production or intensification of 
production are the means of increasing production. In 
intensive method, decrease of water quality, increase of 
stress, decrease of food quality, increase bacterial, viral 
or parasite infections can suppress this growth.  
For a long time, the most common method for dealing 
with the occurrence of bacterial infections in aquaculture, 
was the administration of antibiotics. However, aqua-
culture faces serious problems due to various adverse 
effects of these drugs such as accumulation in the tissue, 
immunosuppression, development of antibiotic resistant 
bacteria and destruction of environmental microbial flora. 
In the other hand, to use antibiotic or vaccine for fish is 
expensive and in many farms unavailable, therefore 
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recently have received considerable attention. 
There are several definition for probiotics and prebiotic. 
The term, probiotic, simply means “for life”, originating 
from the Greek words “pro” and “bios” (Gismondo et al., 
1999). The most widely quoted definition was made by 
Fuller (1989). He defined a probiotic as “a live microbial 
feed supplement which beneficially affects the host ani-
mal by improving its intestinal balance”. 
The main purpose of using probiotic and prebiotic 
maybe are the use of this material to improve the health 
of their host and increasing growth rate. The application 
of probiotic and prebiotic in aquaculture have shown posi-
tive results, but insufficient evaluation of biological 
influence of bacteria in natural environment and cost of 
the material are the restriction of probiotics and prebiotics 
at this time. 
Many beneficial effects such as competition with patho-
gens for nutrients or for adhesion sites and stimulation of 
the immune system may be expected from probiotics 
(Gatesoupe, 1999).  
The prebiotics have several advantages, but the main 
advantage of prebiotics over  probiotics  is  that  they  are  




natural feed ingredients. Their incorporation in the diet 
does not require particular precautions and their authori-
zation as feed additives may be more easily obtained, in 
spite of some concerns about their safety and efficacy. 
Originally, prebiotics were chosen to stimulate bifidobac-
teria and lactobacilli in human microbiota (Gatesoupe, 
2005). 
Prebiotic, unlike probiotic, is not an organism and has 
less influence in natural environment. Based on definition 
of Gibson and Roberfroid (1995), prebiotics are a non-
digestible food ingredient that beneficially affects the host 
by selectively stimulating the growth and/or activity of one 
or a limited number of bacteria in the colon and thus im-
proves host health.  
There are several food mainly carbohydrates use as 
prebiotic nowadays, but for a food can be classified as a 
probiotic, must have some characteristics. Gibson et al. 
(2004) noted a food ingredient that most fulfill the follow-
ing criteria: resistance to gastric acidity, hydrolysis by 
digestive enzymes and gastrointestinal absorption, fer-
mentation by intestinal microflora and selective stimula-
tion of the growth and or the activity of intestinal bacteria 
associated with health.  
In different studies since 1999, many substances have 
been investigated as prebiotic. Based on the study of 
Mahious and  Ollevier (2005), Fooks et al. (1999), and 
Gibson et al. (2004), any foodstuff that reaches the colon, 
e.g. non-digestible carbohydrates, some peptides and 
proteins, as well as certain lipids, is a candidate prebiotic. 
Certain non-digestible carbohydrates seem authentic pre-
biotics. They include resistant inulin and oligofructose, 
transgalactooligosaccharides (TOS), lactulose, isomalto 
oligosaccharides (IMO), lactosucrose, xylo-oligosac-
charides (XOS), soyabean oligosaccharides and gluco-
oligosaccharides. From in vivo and in vitro studies, inulin 
and oligofructose, TOS and lactulose are presently 
classified as prebiotics. IMO, lactosucrose, XOS, soya-
bean oligosaccharides and glucooligosaccharides are not 
considered as functional ingredients since they do not 
fulfill all criteria for classification as prebiotics. Prebiotics 
are selectively fermented by Bifidobacteria, Lactobacillus 
and Bacteroides. 
Inclusion of prebiotic in the diet has been reported to 
increase the uptake of glucose (Breves et al., 2001) and 
bioavailability of trace elements (Bongers and van den 
Heuvel, 2003).  
In later use of prebiotics, they have the binding capacity 
therefore increasing the absorption of mineral such as 
calcium, magnesium and iron; these minerals, are not 
absorbed in the small intestine and so reach the colon, 
where they are released from the carbohydrate matrix 
and absorbed. 
Bongers and van den Heuvel (2003), explained this 
enhancing effect of prebiotics on mineral absorption, the 
osmotic effect with the exchange of protons and possible 
decrease in proteins such as calcium-binding protein which 
may increase the availability of trace elements in the 





to fermentation and production of short chain fatty acids 
(SCFA), formation of calcium and magnesium salts of 
these acids, and hypertrophy of the colon wall. Prebiotics 
also may alter the fermentation products of the gastro-
intestinal (GI) track (Smiricky -Tjardes et al., 2003; 
Gibson et al., 1995). The prebiotic may have many other 
properties and some of them are explained by scientists. 
Prebiotic may have the role of supplying energy for the 
host. Prebiotics are selectively fermented by probiotic 
bacteria e.g.  Bifidobacteria, Lactobacillus and Bacte-
roides to produce short chain fatty acids (acetate, buty-
rate, propionate) and lactate. It has been demonstrated 
that short chain fatty acids are absorbed through the 
intestinal epithelium, thus becoming an energy source for 
the host, whereas lactate enters the liver and is used as 
precursor for gluconeogenesis (Smiricky-Tjardes et al., 
2003; Gibson et al., 1995; Burr et al., 2005). Reducing 
the pH of the colon resulting from the production of SCFA 
is another prebiotic properties. Lower pH values inhibit 
the growth of certain pathogenic bacterial species while 
stimulating the growth of the bifidobacteria and other 
lactic acid species (Mussatto and Mancilha, 2007). 
 
 
PREBIOTIC IN AQUACULTURE 
 
Prebiotic may have the role of increasing growth rate, 
improve immune system as well as change the com-
munity of bacterial in gastrointestinal track. Many scien-
tists have worked to optimize the dosage of supple-
mentary prebiotic in feed to achieve better growth rate 
and survival. In the following some results are discussed.  
 
 
Effects of prebiotics on growth parameters  
 
Feed costs account for over 50% of the variable costs in 
most aquaculture operations, therefore applying the best 
feeding strategy can have a significant impact on optimi-
zing profit, which is the primary goal of commercial 
aquaculture. 
Also, if more fish are able to resist disease and survive 
until they are of marketable size, the subsequent cost of 
medication and overall production costs would be 
reduced drastically. 
Reports about effect of prebiotic on growth parameters 
in fish are inconclusive. Supplementation of Beluga's 
(Huso huso) diet with 1, 2 and 3% inulin showed negative 
relationship between some performance indices including 
weight gain (WG), specific growth rate (SGR), protein 
efficiency ratio (PER), energy retention (ER), feed 
efficiency (FE), protein retention (PR) and supplemen-
tation level of inulin. Also growth parameters in fish fed 
inulin was lower than control group (Akrami et al., In 
press).  The reduction of some growth parameter in treat-
ment groups may be due to affecting some other 
parameters in experimental place of work or the condition 
of fish itself and not by the versus effect of inulin, but we 





in growth rate of Huso huso young fishes.  
In using prebiotic such as mannanoligosaccharide, 
fructooligosaccharide and galactooligosaccharide, the 
use of Atlantic salmon fish meal-based diet supple-
mented with 10 g kg-1 of these prebiotics did not showed 
effects on growth and digestibility(Grisdale-Helland et al., 
2008). In using commercial prebiotic Grobiotic®-AE, feed 
efficiency was significantly improved when using a 7-
week diet was supplemented with 10 - 20 g kg-1 of this 
commercial food on hybrid striped bass, but the growth 
was not significant (Li and Gatlin, 2004).  
The growth of the fish my increase by using supple-
mentary prebiotic in feed. In a 3-week trial, Refstie et al. 
(2006) found that Atlantic salmon fed with a fish meal-
based diet supplemented with 75 g kg-1 inulin had 
increased relative mass of the gastrointestinal tract, but 
the absorptive capacity of the fish was not affected. 
A diet containing 20 g kg-1 oligofructose, a fructooligo-
saccharide (FOS) produced by partial enzymatic hydro-
lysis of inulin by hot water extraction of chicory roots, 
resulted in increased growth of turbot larvae, but 20 g kg-1 
inulin itself had no effect on growth (Mahious et al., 
2006). Growth, feed efficiency and survival were im-
proved in two experiments with rainbow trout that were 
fed a diet containing 2 g kg−1 mannanoligosaccharide 
compared with those fed the basal diet (Staykov et al., 
2007; Grisdale-Helland et al., 2008) 
The body composition may be affected by dietary pre-
biotic however in rainbow trout and hybrid tilapia, the 
body protein concentration has been reported to increase 
as the level of MOS was increased in the diet from 1.5 to 
4.5 g kg-1 (Genc et al., 2007b; Yilmaz et al., 2007). In 
contrast, supplementing the diet with 10 g kg-1 MOS or 
GOS resulted in a decrease in the protein concentration 
in the body of the salmon in the present trial, in line with 
the results of Genc et al. (2007a), in which Penaeus 
semisulcatus (de Haan, 1844) were fed a diet containing 
4.5 g kg-1 MOS. Genc et al. (2007a) speculated that the 
lower body protein concentration in shrimp fed the MOS 
diet may have been the result of lower amino acid utili-
zation and diet digestibility (Grisdale-Helland et al. 2008). 
Dietary supplementation with inulin didn’t affect the body 
composition of juvenile Beluga (Akrami et al. In press). 
As a result, despite the works of different farmers and 
researcher, the intake of prebiotic is primarily dependent 
on the types of ingredients used in diet formulation and 
will therefore vary widely among species and diets. 
Considerations in supplementing prebiotics in fish diets 
have been arisen to some extent. The type of prebiotic to 
supplement, specific animal characteristics (species, age, 
stage of production) and type of diet are important 
considerations. In addition, practical formulations and 
economic considerations should be carefully considered. 
 
 
Effects of prebiotics on immune system 
 
The use of different chemotherapies is advisable to avoid  




bacterial infection of fish. Also, using several antibiotics 
are used to treat bacterial infection, however the recent 
techniques have increased drug-resistant bacteria in fish. 
Whilst vaccination is the method of choice over antibiotic 
treatments for the control of many fish diseases, vaccines 
for others are unavailable or, at best, in the early stages 
of their development. In recent years in the aquaculture 
industry, increasing consideration has been given to 
alternative strategies for disease control as adjuncts to 
vaccination and as a potential route to the reduction in 
the widespread use of antibiotics. Prebiotics is one group 
of these alternative strategies that their health promoting 
effects has been proven by many studies in human and 
terrestrial animals (Cerezuela et al. 2008; Gibson, 1999; 
Niness, 1999; Kelly-Quagliana et al., 1998; Cooper, 
1995; Causey et al., 1998). 
Bailey et al. (1991), reported that prebiotics can modify 
the GI tract microbial community to enhance non specific 
immuno responses. The prebiotic fermentation in the 
caeco-colon by the bacteria there existent cause a 
significant modification of the colonic microflora, because 
these oligosaccharides serve as substrate for growth and 
proliferation of anaerobic bacteria, mainly the bifido-
bacteria, which inhibit the growth of putrefactive and 
pathogenic bacteria present in the caeco-colon (Mussatto 
and Mancilha, 2007). They produce substances that sti-
mulate the immune system, thus, enhancing the host’s 
protection against infections. 
The use of Grobiotic®-AE have shown improved 
survival rate of hybrid stripped bass challenged with live 
streptococcus marinum and Mycobacterium marinum (Li 
and Galin, 2005). In trials with rainbow trout (Staykov et 
al., 2007), common carp (Staykov et al., 2005) and Jian 
carp (Zhou and Li, 2004), the non-specific immune 
system was positively affected when the diet was supple-
mented with MOS (Staykov et al., 2007). Torrecillas et al. 
(2007) reported dietary incorporation of MOS at 0.4% 
activated sea bass’ immune system and increased its 
resistance to a bacterial infection directly inoculated in 
the gut, one of the main sites of infection in fish. 
In a 6-week trial, Li et al. (2007) found that short chain 
FOS supplementation at concentrations from 0.025 to 
0.800% by weight,  enhanced hemocyte respiratory burst 
(which is one measure of non-specific immunity) of 
Pacific white shrimp Litopenaeus vannamei cultured in a 
recirculation system. Dietary supplementation of 
Grobiotic®-A improved survival of pacific white shrimp 
cultured in low-salinity (2 ppt) water. In addition, a fresh 
water challenge also showed similar improvement in 
survival of shrimp fed Grobiotic®-A, although the mecha- 
nism(s) for enhanced survival under low-salinity condi-
tions, have not been identified (Gatlin et al., 2006).  
Prebiotics can modify the GI tract microbial community 
to enhance non specific immuno responses (Bailey et al., 
1991). Prebiotics also offer one rational approach to the 
probiotic concept, e.g. reduction of gut pH through SCFA 
formation; Secretion of antimicrobial substances; blocking  




of adhesion sites; attenuation of virulence; blocking of 
toxin receptor sites; immune stimulation; competition for 
nutrients, and suppression of toxin production (Gibson, 
1999; Fooks et al., 1999). 
 
 
Effects of prebiotics on gastrointestinal track 
microbial community 
 
In the gastrointestinal track, the bacterial community is 
affected by the substances and vice verse. On the other 
hand, there are positive and/or interaction between the 
bacterial and substance in gastrointestinal track. 
Flickinger et al. (2003), explained these phenomenon 
such a way that, the GI tract of invertebrates and verte-
brates provide habitat for a diverse ecosystem of micro-
organisms. The colonic microflora is of crucial importance 
to any consideration of the role of feed ingredients in 
health and disease because many physiological effects of 
such compounds influence their activities. Prebiotic oligo-
saccharides such as inulin and oligofructose are 
fermented in the colon where they promote the growth of 
bacterial populations associated with a healthy, well-
functioning colon. This selective stimulation occurs 
because oligosaccharides are readily fermented by bene-
ficial types of colonic bacteria and are not used effectively 
by potentially pathogenic bacterial species. 
In general, we may divide the bacteria in two groups. 
Some bacteria are hazardous and the others are benefi-
cial for fish. Due to activity of the first group, the hazard 
effect or toxin material may be produced. As Flickinger et 
al. (2003) explained, a number of these bacteria are 
pathogenic whereas health-promoting, or pathogen 
suppressing, properties have been attributed to particular 
bacteria (e.g., Bifidobacterium, Lactobacillus). A number 
of adverse consequences result from toxic metabolites 
formed during fermentation of food/feed in the large 
bowel. Toxic compounds formed at that site include 
ammonia (a liver toxin), amines (liver toxins), nitroso-
amines (carcinogens), phenols and cresols (cancer pro-
moters), indole and skatole (carcinogens), estrogens 
(suspected carcinogens/breast cancer promoters), 
secondary bile acids (carcinogens /active colon cancer 
promoters) and aglycones (mutagenic substances) 
(Flickinger et al., 2003). In case of beneficial bacteria, 
Merri¢eld  et al. (2009)  by study of a couple of articles, 
suggested that the beneficial bacteria plays a role as a 
defensive barrier against pathogenic species in addition 
to contributing towards digestive function via the produc-
tion of a range of vitamins and enzymes (Rimmer and 
Wiebe, 1987; Moriarty, 1990; Sugita et al., 1997; Sugita 
et al., 1998; Ramirez and Dixon, 2003). Gastric bacterial 
populations may also play an important role with regard 
to immunostimulation and development of gut-associated 
lymphoid tissues (Picchietti et al., 2007). Furthermore, 
several researches have demonstrated the influence of 





epithelial surface (Ringø et al., 2003; Ringø et al. 2007). 
It is demonstrated that the lactic acid bacteria (e.g., 
Bifidobacterium, Lactobacillus) have the ability to tolerate 
the acidic and bile environment of the intestinal tract. 
Lactic acid bacteria (LAB) also functions to convert lac-
tose into lactic acid, thereby reducing the pH in the GIT 
and naturally preventing the colonization by many 
bacteria (Mombelli and Gismondo, 2000; Klewicki and 
Klewicka, 2004).  
In aquaculture, few reports are available on the in-
fluence of prebiotics on growth and intestinal microflora in 
fish. In the earliest of studies with fish, certain nutrients 
such as linoleic acid, linolenic acid and soluble carbohy-
drate were investigated mainly by Ringo and his collea-
gues their effects on the aerobic/facultative anaerobic 
intestinal microbiota of Arctic char Salvelinus afpinus. 
When linoleic acid was supplemented to the diet of Artic 
char, the total viable counts increased by an order of 
magnitude (10 fold) as compared with fish fed a diet 
without linoleic acid (Ringø, 1993; Ringø et al., 1998; 
Ringø and Olsen, 1999). Adding linoleic acid to the diet 
altered the intestinal microbial community by inhibiting 
the growth of Lactobacillus sp. and enhancing the growth 
of Aeromonas sp., Pseudomonas sp. and Vibrio sp. Poly-
unsaturated fatty acids of the n-3 and n-6 series also 
were shown to alter the microbial population of Arctic 
char, with the lactic acid bacteria Carnobacterium spp. 
being the dominant facultative anaerobe cultivated 
(Ringø et al., 1998). Lactosucrose has been shown to 
increase the thickness of intestinal tunica muscularis of 
red sea bream, while this dietary supplement was used 
as substrate by the intestinal microflora (Kihara et al., 
1995). However, lactosucrose was poorly used by trout 
(Kihara and Sakata, 2001a) and carp microbiota (Kihara 
and Sakata, 2001b). Olsen et al. (2001), have observed a 
damaging effect of inulin on enterocytes of Arctic charr, 
when the amount of the prebiotic in the diet was 15% of 
the diet.  
In another investigation using dextrin instead, resear-
chers reported that substituting dextrin with 15% inulin 
reduced the bacterial population from 4.8 × 105 to 3.56 × 
104 level in the hindgut of Arctic charr, however the 
composition of bacteria colonizing the hindgut of Arctic 
charr fed inulin were dominanted by Gram-positive bac-
teria of the genera Staphylococcus, Streptococcus, 
Carnobacterium and Bacillus (Ringø et al., 2006).  
Supplementation of Beluga's (Huso huso) diet with 1, 2 
and 3% inulin showed that all bacteria levels increased 
during the first 4 weeks and started to decrease in inulin 
fed fish during the next 4 weeks and there were no 
significant differences between all treatments, but the 
intestinal lactic acid bacteria (LAB) increased in the 1% 
inulin group (Akrami et al., in press). 
Olsen et al. (2001) observed that a diet supplemented 
with 15% inulin caused harmful effects on enterocytes to 
Arctic charr, Salvelinus alpinus. Dietary supplementation 





Psseta maxima larvae by increasing Bacillus species to 
14% and decreasing Vibrio species (Mahious et al., 
2006). 
Supplementation of Pacific white shrimp's (Litopenaeus 
vannamei) diet with short- chain Fructooligosaccharides 
at concentrations from 0.025, 0.0500, 0.075, 0.100, 
0.200, 0.400 and 0.800% by weight, changed the 
microbial community in the GI track. Although most of the 
bacterial species contributing to the GI microbial in this 
study were uncultured species but two of the denaturing 
gradient gel electrophoresis (DGGE) bands intensified by 
the addition of short chain FOS were found to be Alkali-
bacillus spp. and Micrococcus spp. or an unidentified 
seawater bacterium. Both Alkalibacillus spp. and Micro-
coccus spp. are gram-positive aerobic microbes that can 
tolerate saline environments (Li et al., 2007). In an 8-
week trial, Gatlin and Burr (2009) found that red drum fed  
fish meal-based and soybean meal/fish meal-based diets 
supplemented with either GroBiotic®-A or inulin at 1% of 
dry weight had no effect on gastrointestinal track 
microbial community.  
In summary, prebiotics have been reported to have 
numerous beneficial effects in fish such as increased 
disease resistance and improved nutrient availability.  
The reasons for the different results are not clear yet. It 
may be due to the different basal diet, inclusion level, 
type of monosaccharide, adaptation period, chemical 
structure (degree of polymerization, linear or branched, 
type of linkages between monometric sugars), origin of 
prebiotic, animal characteristics (species, age, and stage 
of production), duration of use and hygienic conditions of 
the experiment. If beneficial effects of prebiotics are 
manifested in fishes, then prebiotics have much potential 
to increase the efficiency and sustainability of aqua-
cultural production. Therefore, comprehensive research 
to more fully characterize the intestinal microbiota of pro-






Akrami A, Hajimoradloo A, Matinfar A, Abedian Kinai A (In press). Effect 
of dietary prebiotic Inulin on growth performance, intestinal 
microflora, body composition and hematological performance of 
juvenile Beluga Huso huso (Linnaeus, 1758), J. World Aquac. Soc. 
(Provide the page number). 
Bailey J, Blankenship L, Cox N (1991). Effect of fructooligosaccharide 
on Salmonella colonizationof the chickenintestine. Poult. Sci. 70: 
2433-2438. 
Breves G, Sztkuti L, Schr˛der B (2001). Effects on oligosaccharides on 
functional parameters of the intestinal tract of growing pigs. Deutsche 
Tierarztliche Wochenschrifte 108: 246-248. 
Bongers A, van den Huevel EGHM (2003). Prebiotics and the 
bioavailability of mineral and trace elements. Food Rev. Int. 19: 397-
422. 
Burr G, Gatlin D, Ricke S (2005). Microbial ecology of the 
gastrointestinal tract and the potential application of probiotic and 
prebiotics in finfish aquaculture. J. World Aquac. Soc. 36: 425-436.   
Causey JL, Slain JL, Tangled BC, Meyer PD (1998). Stimulation of 
human immune system by inulin in vitro. Proc of Danone Conf On 
Probiotics and Immunity. Germany: Bonn; 1998. 




Ringø E, Olsen RE (1999). The effect of diet on aerobic bacterial flora 
associated with intestine of Arctic charr (Salvelinus alpinus L.). J. 
Appl. Microbiol. 86: 22-28. 
Cerezuela R, Cuesta A, Meseguer J, Esteban MA (2008). Effects of 
inulin on gilthead seabream (Sparus aurata L.) innate immune 
parameters. Fish Shellfish Immunol. 24: 663-668. 
Cooper PD (1995). Vaccine adjuvants based on gamma inulin. Pharm. 
Biotechnol. 6: 559-580.  
FAO (2007). The State of World Fisheries and Aquaculture 1998. Food 
and Agriculture Organization FAO, Rome, p. 112. 
Flickinger EA, Van Loo J, Fahey GC (2003). Nutritional responses to 
the presence of inulin and oligofructose in the diets of domesticated 
animals: a review. Crit. Rev. Food Sci. Nutr. 43: 19-60.  
Fooks LJ, Fuller R, Gibson GR (1999). Prebiotics, probiotics and human 
gut microbiology. Int. Dairy J. 9: 53-61. 
Fuller R (1989). Probiotics in man and animals. J. Appl. Bacteriol. 66: 
365-378. 
Gatesoupe FJ (1999). The use of probiotics in aquaculture. 
Aquaculture, 180: 147-165. 
Gatesoupe FJ (2005). Probiotics and prebiotics for fish culture, at the 
parting of the ways, Aqua Feeds: Formulation & Beyond, 2(3): 3-5. 
Gatlin DM, Li P, Wang X, Burr GS, Castille F, Lawrence AL (2006). 
Potential application of prebiotics in aquaculture, 8th International 
simposium on aquaculture nutrition, pp. 371-376. 
Gatlin DM, Burr G (2009). Effects of the Prebiotics GroBiotic®-A and 
Inulin on the Intestinal Microbiota of Red Drum, Sciaenops ocellatus, 
J. World Aquac. Soc. 40: 440-449. 
Genc MA, Aktas M, Genc E, Yilmaz E (2007a). Effects of dietary 
mannan oligosaccharide on growth, body composition and 
hepatopancreas histology of Penaeus semisulcatus (de Haan 1844). 
Aquac. Nutr. 13: 156-161. 
Genc MA, Yilmaz E, Genc E, Aktas M (2007b). Effects of dietary 
mannan oligosaccharides (MOS) on growth, body composition, and 
intestine and liver histology of the hybrid Tilapia (Oreochromis 
niloticus×O. aureus). Isr. J. Aquac. 59: 10-16. 
Gibson GR, Roberfroid MB (1995). Dietary modulation of the human 
colonic microbiota: introducing the concept of prebiotics. J. Nutr. 125: 
1401-1412. 
Gibson GR, Bear ER, Wang X, Cummings JH (1995). Selective 
stimulation of Bifidobacteria in the human colon by oligofructose and 
inulin. Gastroenterology, 108: 975-982.  
Gibson GR (1999). Dietary Modulation of the Human Gut Microflora 
Using the Prebiotics Oligofructose and Inulin. J. Nutr. 129: 1438-
1441. 
Gibson GR, Probert HM, Van Loo J, Rastall RA, Roberfroid MB (2004). 
Dietary modulation of the human colonic microbiota: Updating the 
concept of prebiotics. Nutr. Res. Rev. 17: 259-275. 
Gismondo MR, Drago L, Lombardi A (1999). Review of probiotics 
available to modify gastrointestinal flora. Int. J. Antimicrob. Agents, 
12: 287-292. 
Grisdale-Helland B, Helland SJ, Gatlin  DM (2008). The effects of 
dietary supplementation with mannanoligosaccharide, fructooligo-
saccharide or galactooligosaccharide on the growth and feed 
utilization of Atlantic salmon (Salmo salar). Aquaculture, 283: 163-
167. 
Kelly-Quagliana KA, Buddington RK, Van Loo J, Nelson PD (1998). 
Immunomodulation by oligofructose and inulin. Proc Nutritional and 
Health Benefits of inulin and oligofructose. Bethesda. HIH; p. 53. 
Kihara M, Ohba K, Sakata T (1995). Trophic effect of dietary 
lactosucrose on intestinal tunica muscularis and utilization of this 
sugar by gut microbes in red seabream, Pagrus major, a marine 
carnivorous teleost, under artificial rearing. Comp. Biochem. Physiol. 
112: 629-634. 
Kihara M, Sakata T (2001a). Effects of rearing temperature and dietary 
on the production of gases and organic acids by gut microbes of an 
omnivorous Teleost, carp, Cyprinus carpio, in micro-scale batch 
cultures. Suisanzoshoku 49: 329-338.  
Kihara M, Sakata T (2001b). Influence of incubation temperature and 
various saccharides on the production of organic acids and gases by 
gut microbes of rainbow trout, Onchorhynchus mykiss in a micro-
scale batch culture. J. Compr. Physiol. B 171: 441-447. 
Klewicki  R,  Klewicka  E  (2004).   Antagonistic   activity   of  lactic  acid  




bacteria as probiotics against selected bacteria of the Entero-
baceriacae family in the presence of polyols and their galactosyl 
derivatives. Biotechnol. Lett. 26: 317-320. 
Li P, Gatlin DM (2004). Dietary brewers yeast and prebiotic Grobiotic® 
AE influencegrowth performance immnue responses and resistance 
of hybrid striped sea bass (Moronechrysops x M. saxatilis) to 
streptococcus iniae infection. Aquaculture, 231: 445-456. 
Li P, Gatlin DM (2005). Evaluation of the prebiotic Grobiotic®-A and 
brewers yeast as dietary supplements for sub-adult hybrid striped sea 
bass (Morone chrysops x M. saxatilis) challenged in situ with 
Mycobacterium marinum. Aquaculture, 248: 197-205. 
Li P, Burr GS, Gatlin DM, Hume ME, Patnaik S, Castille FL, Lawrence 
AL (2007). Dietary Supplementation of Short-Chain 
Fructooligosaccharides Influences Gastrointestinal Microbiota 
Composition and Immunity Characteristics of Pacific White Shrimp, 
Litopenaeus vannamei, Cultured in a Recirculating System, J. Nutr. 
137: 2763-2768. 
Mahious AS, Gatesoupe FJ, Hervi M, Metailler R, Ollevier F (2006). 
Effect of dietary inulin and oligosaccharides as prebiotics for weaning 
turbot, Psetta maxima (Linnaeus,C. 1758), Aquac. Int. 14(3): 219-
229. 
Mahious AS, Ollevier F (2005). Probiotics and Prebiotics in Aquaculture. 
1st Regional Workshop on Techniques for Enrichment of Live Food 
for Use in Larviculture-2005, AAARC, Urmia, Iran. p. 67. 
Merrifield DL, Burnard D, Bradley G, Davies SJ, Baker RTM (2009). 
Microbial community diversity associated with the intestinal mucosa 
of farmed rainbow trout (Onchorhynchus mykiss). Aquaculture 
research. 40: 1064-1072. 
Mombelli B, Gismondo MR (2000). The use of probiotics in medicinal 
practice. Int. J. Antimicrob. Agents 16: 531-536. 
Moriarty DJW (1990). Interactions of microorganisms and aquatic 
animals, particularly the nutritional role of the foregut: tissue 
responses and evidence of protection against Aeromonas 
salmonicida subsp. salmonicida epithelial damage, Vet. Microbiol. 
128: 167-177. 
Mussatto SI, Mancilha IM (2007). Non-digestible oligosaccharides: A 
review, Carbohydr. Polym. 68: 587-597. 
Niness KR (1999). Inulin and oligofructose: What are they? J. Nutr. 129: 
1402S-1406S. 
Olsen RE, Myklebust R, Kryvi H, Mayhew TM, Ringø E (2001). 
Damaging effect of dietary inulin on intestinal enterocytes in Arctic 
charr (Salvelinus alpinus L.). Aquac. Res. 32: 931-934. 
Picchietti S, Mazzini M, Taddei AR, Renna R, Fausto AM, Mulero V, 
Carnevali O, Cresci A, Abelli L (2007). Effects of administration of 
probiotic strains on GALT of larval gilthead seabream: 
immunohistochemical and ultrastructural studies. Fish Shellfish 
Immunol. 22: 57-67. 
Ramirez RF, Dixon BA (2003). Enzyme production by obligate intestinal 
anaerobic bacteria isolated from Oscars (Astronotus ocellatus), angel 
fish (Pterophyllum scalare) and southern £ounder (Paralichthys 
lethostigma). Aquaculture, 227: 417-426. 
Refstie S, Bakke-McKellep AM, Penn MH, Sundby A, Shearer KD, 
Krogdahl Å (2006). Capacity for digestive hydrolysis and amino acid 
absorption in Atlantic salmon (Salmo salar) fed diets with soybean 






















Rimmer D, Weibe W (1987). Fermentative microbial digestion in 
herbivorous fishes. J. Fish Biol. 3(1): 229-236. 
Ringø E (1993). The effect of chromic oxide (Cr2O3) on aerobic bacterial 
populations associated with the intestinal mucosa of Arctic charr, 
Salvelinus alpinus (L.). Can. J. Microbiol. 39: 1169-1173. 
Ringø E, Bendiksen HR, Gausen SJ, Sundsfjord A, Olsen RE (1998). 
The e¡ect of dietary fatty acids on lactic acid bacteria associated with 
the epithelial mucosa and from faecalia of Arctic charr, Salvelinus 
alpinus (L.). J. Appl. Bacteriol. 85: 855-864. 
Ringø E, Olsen RE, Mayhew TM, Myklebust R (2003). Electron 
microscopy of intestinal microflora of fish. Aquaculture, 227: 395-415. 
Ringø E, Sperstad S, Myklebust R, Mayhew TM, Olsen RE (2006). The 
effect dietary inulin on aerobic bacteria associated with the hindgut of 
Arctic charr (Salvelinus alpines L.). Aquac. Res. 37: 891-897. 
Ringø E, Myklebust R, Mayhew TM, Olsen RE (2007). Bacterial 
translocation and pathogenesis in the digestive tract of larvae and fry. 
Aquaculture, 268: 251-264. 
Smiricky-Tjardes M, Grieshop C, Flickinger E, Bauer L, Fahey Jr. G 
(2003). Dietary galactooligosaccharides affect ileal and total-tract 
nutrient digestibility, ileal and fecal bacterial concentrations, and ileal 
fermentative characteristics of growing pigs. J. Anim. Sci. 81: 2535-
2545. 
Staykov Y, Denev S, Spring P (2005). Influence of dietary mannan 
oligosaccharides (Bio-Mos) on growth rate and immune function of 
common carp (Cyprinus carpio L.). In: Howell B, Flos R (eds) 
Lessons from the past to optimise the future. Eur. Aquac. Soc., 
Special Publication, 35: 431-432. 
Staykov Y, Spring P, Denev S, Sweetman J (2007). Effect of amannan 
oligosaccharide on the growth performance and immune status of 
rainbow trout (Oncorhynchus mykiss). Aquac. Int. 15: 153-161. 
Sugita H, Kawasaki J, Deguchi Y (1997). Production of amylase by the 
intestinal micro£ora in cultured freshwater fish. Lett. Appl. Microbiol. 
24: 105-108. 
Sugita H, Hirose Y, Matsuo N, Deguchi Y (1998). Production of the 
antibacterial substance by Bacillus sp. Strain NM 12, an intestinal 
bacterium of Japanese coastal fish. Aquaculture,165: 269-280. 
Torrecillas S, Makol A, Caballero MJ, Montero D, Robaina L, Real F, 
Sweetman J, Tort L, Izquierdo MS (2007). Immune stimulation and 
improved infection resistance in European sea bass (Dicentrarchus 
labrax) fed mannan oligosaccharides. Fish Shellfish Immunol. 23: 
969-981.  
Yilmaz E, Genc MA, Genc E (2007). Effects of dietary mannan 
oligosaccharides on growth, body composition, and intestine and liver 
histology of rainbow trout, Oncorhynchus mykiss. Israeli J. Aquac. 59: 
182-188. 
Zhou XQ, Li YL (2004). The effects of Bio-Mos1 on intestinal microflora 
and immune function of juvenile Jian carp (Cyprinus carpio Var. Jian). 
In: Nutritional biotechnology in the feed and food industries: 
Proceedings of Alltech’s 20th annual symposium (Suppl. 1-Abstracts 
of posters presented), Lexington, KY, USA. 
 
 
 
. 
